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Complete Washing Equipment 
for Producing Clean Aggregate 


- 


Vibrating Screen with Sprays 
for Washing. 


Log Washer for Stone 
or Gravel. 


HE demand for clean washed aggregates is 
increasing rapidly and concrete specifications 
are becoming so stringent that this phase of the 
producing problem has become vitally important. 


Because some materials are easy to wash where- 
as others are difficult, depending upon the 
nature of the deposit, the selection of proper 
combinations of machinery to meet these varying 
conditions necessitates a complete line of wash- 
ing equipment. 


Allis-Chalmers has supplied machinery for 
many washing plants, having a wide range of 
machinery to meet every condition and engineers 
with experience in applying this machinery. 


A new booklet has been prepared on this im- 
portant subject. Write for Bulletin 1471. 


Revolving Screen Type 
Scrubber. Note inter- 
nal flights in washing 
section. 


Left - Stone 
Scrubber. 


Right - 
Double Screw 
Sand Washer. 
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Allis-Chalmers Manufacturing Company, Milwaukee 
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PITTSBURGH IS EXPECTING YOU 


Fifteenth Annual Convention 
National Crushed Stone Association 


JANUARY 19, 20, 21, 22, 1932 
Hotel William Penn 


Where all Meetings and IF YOU HAVE NOT ALREADY DONE 


the Exposition will SO, PLEASE SEND IN YOUR 
be held. ROOM RESERVATIONS 
Now ! 
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PARLOR AND BEDROOM SUITES: 
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Your Sereen Plate 
Won’t Last Through 


the Season.... 


PERHAPS you will need only a 

section for one of the rotaries, 
or even only a segment for a 
section. 


Regardless of the amount of your 
order, Hendrick stands ready to 
serve you with its customary care 
in the selection of plate, punching 
of holes, and location of fastening 
devices or bolt holes. 


Now’s a good time to make a start 
toward becoming a regular Hen- 
drick customer. 


HENDRICK MEG. CO. 


39 River St., Carbondale, Pa. 


BALTIMORE BIRMINGHAM BOSTON CINCINNATI 
CLEVELAND DETROIT HAZLETON NEW YORK 
PHILADELPHIA PITTSBURGH 


Makers of Elevator Buckets of all Types, Mitco Interlocked 
Steel Grating, Mitco Shur-Site Treads and Mitco Armorgrids 


BELL HEADS 


MUST 
BE USED 
WITH 
CURVED CONCAVES! 


rr 


WSss 


LESS 


Sy 
WO 
> 
N 
S> 


‘aan Z || Z 
V4, = 
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NON-CHOKABLE 
HEAD CONCAVES 
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Type Crusher Can Be Increased 100% at Closer Settings; Choking 
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Surfaces of Head and Concaves Wear Uniformly; Product Is More 
Uniform with Less Percentage of Wasteful Fines. 


See Our Bulletin 110 for the Whole Story 
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The Significance of Sodium Sulfate and Freezing 
and Thawing Tests on Mineral Aggregates 


By VERNE McCOWN 
U. S. Bureau of Public Roads 


TT is a progress report on one of the projects of 
the Committee on Correlation of Research in Mine- 
ral Aggregates. Since durability of concrete is con- 
sidered one of the most important and pressing prob- 
lems before highway engineers, the Committee felt 
that a nation-wide survey of the results of soundness 
tests on mineral aggregates, both sodium sulfate and 
freezing and thawing, would be of great value in evalu- 
ating their significance in connection with durability 
of concrete. This paper will give a summary of infor- 
mation on such tests received to date from various 
sources. It is hoped the information will be of use to 
those who have been investigating the problem and 
perhaps stimulate others to develop some information 
along similar lines. 


The matter of soundness or durability of mineral 
aggregates does not become a matter of concern except 
as it affects the durability and service of the concrete. 
Unless the soundness tests for aggregates can be cor- 
related with service in concrete, the tests are of doubt- 
ful value as acceptance tests. It is recognized that 
some laboratories have of necessity been forced to 
adopt a soundness test procedure without adequate 
investigation. Due to this, we are in danger of hav- 
ing another member added to the present family of 
tests for aggregates which has been inherited from 
various sources. Some of the family are even now 
being questioned as to utility and real bearing on con- 
crete quality. The logical order of procedure in de- 
veloping soundness tests for aggregates would seem 
to be: 


1—To develop, if possible, a laboratory test for dura- 
bility of concrete which will simulate actual weather- 
ing in structures. 


2—To develop soundness tests on aggregates which 
can be correlated with the concrete durability test. 
1 Presented before the Eleventh Annual Meeting of the Highway Research 


Board, National Research Council, Washington, D. C., a age oe 10, 1981, and 
reprinted through the courtesy of the Highway Research Board. 


@The soundness of concrete continues 
to be one of the most important attr 
lems confronting the highwa research 

engineer and many engineers let made 
extensive investigations of the different 
methods used in determining soundness. 
The following article on soundness tests 
of mineral aggregates ow the results of 
a nationwide survey. The information de- 
veloped is highly significant and clearly 
shows the necessity of correlating service 
behavior with laboratory tests. 


Considerable data have been developed but there are 
many points still unanswered. F. H. Jackson, Senior 
Engineer of Tests, U. S. Bureau of Public Roads, pre- 
sented an outline of research on this problem, in the 
Proceedings of the Tenth Annual Meeting of the High- 
way Research Board. Further suggestions are made 
by Mr. Jackson in a paper “Test Procedures for Con- 
crete” at the 1931 meeting of the American Society for 
Testing Materials. 


Durability and soundness tests when developed will 
be valuable although failure of aggregates is probably 
a minor cause of concrete failure. Committee 801 of 
the American Concrete Institute has made a survey of 
concrete structures covering most of the United States 
and part of Canada. Papers by two committee mem- 
bers, F. R. McMillan, Director of Portland Cement 
Association Laboratory and R. B. Young, Testing En- 
gineer, Hydro Electric Power Commission of Ontario, 
appear in the May, 1931, Journal of the American 
Concrete Institute. These papers indicate that the 
major causes of concrete deterioration are due to 
faults of workmanship, excess water, segregation, poor 
bonding of fill planes or other preventable causes. It 
should therefore be strongly emphasized that proper 
construction operations and adequate inspection are 
the really important matters in securing concrete of 
the desired durability. 


According to a report on “Disintegration of Con- 
crete” (November, 1929, Journal of American Con- 
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crete Institute) by A. C. I. Committee No. 803, the 
most common forms of disintegration of concrete are 
caused by acid action, weathering, action of sea water 
and action of alkali soils or water, described briefly as 
follows: 

1—Acid disintegration. It is well known that ce- 
ment, both in the hydrated and unhydrated forms, is 
soluble in many organic and inorganic acids. Various 
investigators in Europe and America have noted such 
disintegration under similar conditions. There is some 
disagreement as to the exact cause but, in any case, 
the visible effect is the dissolving of the cement on ex- 
posed surfaces, freeing the aggregates. In this con- 
nection, a paper “The Effect of Acid Waters on Con- 
crete,” by Bailey Tremper, Engineer of Tests, State of 
Washington, Department of Highways, has recently 
been published. (September, 1931, Journal of Ameri- 
can Concrete Institute.) Data and conclusions are 
given on an extensive series of tests on about 3,000 
concrete specimens, studying the corrosive effect of 
acid waters of varying acidity. 

2—Weathering. All structural materials exposed to 
alternate heat and cold and wetting and drying tend 
to disintegrate at a rate dependent upon their relative 
quality and the severity of exposure. In concrete, the 
cement or the aggregates or both may be affected. The 
hydration of cement may extend over a long time and 
liberate free lime which tends to carbonize. Lime is 
soluble in pure water and calcium carbonate in water 
containing carbon dioxide and they may be removed 
if the concrete is permeable and exposed to moisture. 
Unsound aggregates may affect the durability of the 
concrete by decomposing or by volume change. 

8—Disintegration in Sea Water. Surveys of con- 
crete structures exposed to sea water have indicated 
that plain concrete properly made and placed and not 
subject to mechanical abrasion will give satisfactory 
service. Reinforced concrete, however, shows evi- 
dence of deterioration in many cases. 

4—Disintegration in Alkali Soils and Waters. The 
concensus of opinion on the above action is that the 
disintegration is primarily due to chemical action on 
the cement. Various cements differ in their resistance. 

Weathering is the most important of the four classes 
of disintegration listed, especially when considering 
the possible effect of unsound aggregates upon the 
durability of the concrete. It is recognized that frost 
action is an important factor in the weathering of con- 
crete. Therefore, many investigators have used freez- 
ing and thawing in an attempt to simulate such action 
in nature. Other tests utilize salt solutions, usually 
sodium sulfate, which exert distruptive forces due to 
formation of crystals in the pores of the material 
tested. It is possible that other tests will be developed. 
In a paper on “Test Procedures for Stone” (A. S. T. 
M. Preprint No. 66) by D. W. Kessler, Civil Engineer, 
U. S. Bureau of Standards, he states: “Before a wise 
choice of a weathering test can be made for a given 


material, one should know the major weathering 
agents for that type of material. Some 30 years ago, 
Julien advocated a study of the properties of the vari- 
ous stone-forming minerals. To this might also be 
added that it is very desirable to determine what 
chemical changes take place when various combina- 
tions of minerals are exposed to various weathering 
processes.” Some European investigators have been 
inclined to rely on the microscope in tests to determine 
the weatherproof qualities of stone. (Discussion of 
Hirschwald’s system, in Proceedings of International 
Association for Testing Materials, 1912.) (Structure 
of Weather-Resisting Rocks, A. L. W. E. Van Der 
Veen, in First Communications of the New Interna- 
tional Association for Testing Materials). 

Freezing and thawing tests for durability of aggre- 
gates and concrete are at present being carried on by 
a number of investigators. These are largely pioneer 
experiments, each investigator working out his own 
procedure. Owing to lack of information, there has 
been no standard of procedure. Data are being ac- 
cumulated which shed light on some of the variables 
encountered, such as size and shape of specimens, how 
frozen, whether wholly or partially immersed in water 
or other liquids or in air, minimum temperature and 
rate of freezing, how thawed and methods of evaluat- 
ing specimens after test. 

Although sodium sulfate solutions have been used to 
some extent for many years in soundness tests on rock, 
no standard of procedure was developed until this year. 
A tentative standard was proposed at the 1931 meet- 
ing of the American Society for Testing Materials. 
Even though it be shown through further investiga- 
tions that the sodium sulfate test is unsuited as a 
soundness test for aggregates, the test is now being 
used under widely different procedures and a standard 
procedure should secure more concordant results. 
Some of the variations in procedure are as follows: 
size of sample, method of securing and preparing 
sample, various temperatures of solution during prep- 
aration and use, method of evaluating results of the 
test. 

Perhaps the most important element of the test is 
the temperature of the solution. Sodium sulfate oc- 
curs in solution in three different forms according to 
temperatures, (Na. SO,) (Na, SO,.7H.O) and (Na. 
SO,.10H.O). Figure 1’ shows the solubility curves. 
It is noted from the curves that at the temperatures 
ordinarily used, for soaking the specimens, between 
68° and 86°F., the salt occurs in the decahydrate form 
and the strength of solution varies from 20% to 41%. 
To secure comparable results in tests, the temperature 
must be closely controlled. The A. S. T. M. tentative 
standard provides for soaking at 70°+2°F. 

We have received some data from a few states which 
have been making tests on aggregates or concrete by 


1 Because of the large number of figures in this article it has seemed in- 
advisable to include them, due to lack of space. In all probability these fig- 
ures will be published in the Proceedings of the Highway Research Board. 
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freezing and thawing or sodium sulfate. It is thought 
that abstracts of these and also of some reports al- 
ready published will be of value. 


Illinois Report 


The Bureau of Materials, Division of Highways of 
Illinois, V. L. Glover, Engineer of Materials, has made 
tests on rocks quarried for highway work by both 
sodium sulfate and freezing and thawing. For sodium 
sulfate tests, ten approximately 1l-inch cubes are pre- 
pared from quarry samples. Samples are placed in 
individual 30 mesh wire baskets, immersed for 20 
hours at or near 72°F., dried 4 hours at 100°C. Five 
cycles constitute a test. For freezing and thawing, 
fifteen l-inch cubes are prepared and placed in the 
wire baskets. After soaking 72 hours, the specimens 
are partially immersed in water in trays and left over 
night in the freezing box near 0’F. The following day 
they are placed in water 2 hours at 70°F. In both 
methods of test, failure is considered to be complete 
breaking down of the specimen. 

Of 46 tests with sodium sulfate 6 are listed as failing 
and 8 as partial failures. Of 25 tests with freezing 
and thawing, 7 are listed as failing in from 10 to 15 
cycles and 3 are shown as partial failures in 43 to 60 
cycles. Four samples failed by both methods, one chert 
sample and two argillaceous limestone samples failed 
in freezing and thawing but not in sodium sulfate. 
These two materials, according to the report, are the 
ones which have produced harmful effects in service. 
The argillaceous material in most cases passes all phy- 
sical tests but shows marked unsoundness in sodium 
sulfate or freezing and thawing tests. When used in 
pavement and bridge construction, the concrete has 
badly disintegrated. Figures 2 and 3 show specimens 
of Cedar Valley limestone before and after 5 cycles in 
sodium sulfate. Figures 4 and 5 show specimens be- 
fore and after 15 cycles of freezing and thawing. Fig- 
ure 6 shows typical failures of concrete in Colona 
bridge over Rock River where the coarse aggregate 
was the Cedar Valley limestone. Figures 7 and 8 show 
a sample of argillaceous stone from the Thornton, Illi- 
nois quarry before and after the sodium sulfate test. 
Mr. V. L. Glover states that aggregate containing this 
material has been used in structures with no failure 
of the concrete apparent, “for the reason that the 
amount of the unsound stone was probably relatively 
small and the mortar afforded complete protection.” 
Figure 9 shows spailing due to chert particles in the 
aggregate in a bridge near Payson, Illinois. This type 
of chert is not much affected by sodium sulfate but 
breaks down in a few cycles of freezing and thawing. 


lowa Report 


The report of the materials laboratory of the Iowa 
Highway Commission, Bert Myers, Engineer of Ma- 
terials, states that they have made no soundness tests 
on Iowa sand or gravel. Ten year old pavements of 


these materials, containing perhaps 1% of shale in the 


sand and 5% of unsound particles in the gravel, have 
shown some surface pitting but no other evidence of 
the effect of the aggregates. 

Soundness tests on crushed rock have been made. 
For the sodium sulfate tests, ten pieces previously 
tested for abrasion, approximately 100 grams each, are 
used. The specimens are placed in a wire basket and 
immersed in a saturated solution for 20 hours at 70°F. 
plus or minus a very few degrees, then placed in an 
oven for 4 hours at 212 to 220°F. The effects are 
classified after 5 cycles as 1. sound; 2. chipped; 3. 
slightly cracked; 4. badly cracked; 5. partially disin- 
tegrated; 6. completely disintegrated. 

For the freezing and thawing test, 10 pieces of rock 
after abrasion are soaked in water for 24 hours at 
room temperature. They are then placed in metal 
trays in water to a depth one-half the diameter of the 
specimen, then placed in freezer until the temperature 
reaches 0°F. The time varies from 1 hour to several 
hours, according to the load. They are then thawed 
in water at room temperature until all ice is thawed. 
The cycle is repeated 16 times and the effects classi- 
fied practically the same as in the sodium sulfate test. 

Figure 10 is a view of the quarry face of Cedar Val- 
ley argillaceous limestone, near Davenport, Iowa, 
showing considerable disintegration after 11 years ex- 
posure. Structures in which this stone was used as 
coarse aggregate have developed faults. Figure 11 is 
a general view and Figure 12 is a closeup of a box cul- 
vert in which this stone was used. Several of the cul- 
verts were built in 1922 in Muscatine County, Iowa. 
The mix was 1-2.15-1.95 by volume. Numerous cracks 
as shown have developed in all the headwalls and tops 
of wing walls. The mortar appears to be perfectly 
sound. The report expresses the opinion that the stone 
disintegrates when subjected to freezing and thawing 
in the presence of moisture with considerable change 
in volume, thus causing the cracking. The cracking is 
typical of the first stages of more serious disintegra- 
tion. Figure 13 is a view of the concrete curb built in 
1922 in Scott County, Iowa, 1-3-5 mix, Cedar Valley 
limestone aggregate. The report says: “Its present 
condition varies from what appears to be sound con- 
crete except for fine cracks which have filled with some 
dark blue or black substance forming dykes above the 
original surface of the concrete to total disintegration 
of the top of the curb to a depth of about one inch.” 
The outside face of the curb, which is protected by 
earth, shows no sign of failure except for the dykes 
as mentioned above. 

Under the same contract with the culverts men- 
tioned above, several others were built with all condi- 
tions similar except that gravel coarse aggregate was 
used. They have shown no signs of failure although 
there is an occasional pop-out due to an unsound par- 
ticle. See Figure 14. 

Sodium sulfate tests were made on samples of the 
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argillaceous limestone from the quarry mentioned 
above. Of 40 pieces in the sample, 16 were sound, 11 
slightly cracked and 13 badly cracked. In 20 pieces 
subjected to freezing and thawing, 11 were badly 
broken, 3 were chipped and 6 had slight surface dis- 
integration. 

Soundness tests were made on chert found in the 
Kinderhook limestone near Le Grand, Iowa. It is not 
affected by sodium sulfate but shows extensive me- 
chanical subdivisions by freezing and thawing. The 
output of this quarry contains the chert in quantities 
between the limits of 0.5% and 10%. It has been used 
in Iowa pavements for seven years. As so far ob- 
served, there has been some surface spalling but no 
other disintegration. | 

The Iowa laboratory uses 5 cycles of sodium sul- 
fate and 16 cycles of freezing and thawing. They state 
that in case of disagreement, they would be inclined 
to give the results by freezing and thawing greater 
weight. 


Tennessee Report 


The Department of Highways and Public Works of 
Tennessee, (Report by E. W. Bauman, Engineer of 
Tests) has tested, during 1931, samples of coarse ag- 
gregates from all the commercial plants. For the 
soundness tests, they used sodium sulfate in a manner 
practically identical with the proposed A. S. T. M. 
standard. The materials included limestones, dolo- 
mites, river and bank gravels. In only one case, Ezell 
Quarry, shaly limestone, did the test show failure. 
Every specimen in the sample failed. The quarry face 
has weathered badly. See Figure 15. Concrete in the 
. footings and piers of a bridge in which this stone was 
used disintegrated after one winter’s weathering. 


The Tennessee Department made a special series of 
tests on the “Effect of Shale on the Strength and Dura- 
bility of Concrete.” The shale, classified as siliceous 
with some on the border line of sandstone, occurs in 
the gravel in the northeastern part of the state. When 
tested for soundness, 50% of the shale failed in sodium 
sulfate and 20% failed in freezing and thawing, 35 
cycles. Concrete cylinders and beams were made in 
3 series, with the coarse aggregate containing no shale, 
5% shale and 10% shale, proportioned with a water- 
cement ratio of .78 and a slump of 1 to 11% inches. 
The specimens were tested in cross-bending and com- 
-pression at 7, 28 and 52 days and for durability under 
45 cycles of freezing and thawing. Each cycle con- 
sisted of 16 hours in the freezing room at an average 
temperature of 8°F., then in water at room tempera- 
ture for 8 hours. In the conclusions are the following 
statements: 

1. The inclusion of shale in coarse aggregate in 
amounts of 5% to 10% had no effect on the durability 
of the aggregate as measured by 45 cycles of freezing 
and thawing and absorption tests. Condition of test 
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specimens at end of test indicated that as many more 
cycles could be repeated without causing any injury 
to the concrete. 

2. Presence of shale in coarse aggregate did not 
materially influence transverse strength of concrete 
beams in the 5% and 10% shale series, as compared 
to the control series. 

3. Presence of shale did cause a reduction in the 
compressive strength of concrete cylinders and the per 
cent decrease increased with higher per cent of shale 
present in coarse aggregate. 

4. Greater variation in strength results among 
specimens of the same series was caused by method of 
curing than was apparent in the results of specimens 
with different per cent of shale for the same method 
of curing. 


Pennsylvania Report 


A report from Pennsylvania Department of High- 
ways shows the results of sodium sulfate soundness 
tests on stone over a period of ten years. H. S. Matti- 
more, Engineer of Tests and Materials Investigation, 
states that they use the test only when the appearance 


Pennsylvania Department of Highways 
PHYSICAL TESTS ARGILLACEOUS LIMESTONE 


1 3 5 7 9 11 13 15 17 
'| Specific Gravity....| 2.68 | 2.57 | 2.55 | 2.65 | 2.61 | 2.57 | 2.63 | 2.65 | 2.56 
Wt. per.cu.ft. Ibs... | 167.2 | 160.4 | 159.1 | 165.4 | 162.9 /160.4 | 164.1 | 165.4 | 159.7 


Absorption Ibs. cu. 
ee ie eee 1.07 1.60 | 3.82 | 2.15 | 2.25 | 240] 2.13 1.07 | 3.99 
Percent of Wear....| 3.4 4.2 5.0 3.8 3.3 5.6 3.5 4.0 2.2 


mace &....... 20,118 | 16,615 | 13,038 | 18,691 | 21,963 |...... 13,802 | 18,305 | 24,726 
Toughness......... 26 15 10 22 17 17 15 14 16 
Soundness (Sodium 

Sulphate)... .... _ O.K. | Failed | O.K. | O.K. | Failed | Failed) Failed | O.K. | O.K. 


Cylinder—Diam. 1 in.—Height 11% in. 


Number of Tests 
Kind of Stone 
O.K. in Sodium Sulphate Failed 
Argillaceous Limestone................ 1 12 
Argillaceous Sandstone................ 1 0 


of the stone or ledge is questionable. They use 5 cycles 

of the tentative method T-9 of the A. A. S. H. O. 
Information on the tests is tabulated for 148 tests 

on stone from 42 different counties. From the table, 


a summary has been made as given above. 
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Figure 16 is a general view and Figure 17 is a close- 
up of a concrete pavement in which the course aggre- 
gate was evidently the cause of failure. The pavement 
was built in 1919-20 in Greene County, Pennsylvania, 
of reinforced concrete, 6” edges and 8” center, flat sub- 
grade, 1-2-3 mix by volume. While the first mile was 
being built, using an argillaceous limestone as coarse 
aggregate, examination of the quarry indicated that 
the stone was poor. Figure 18 shows the results of 
physical tests on this stone. After one mile was built, 
coarse aggregate was used from a different source. 
About 3 years after construction, the mile with the 
poor aggregate showed signs of surface rupture and 
the failure has been progressive into the body of the 
slab. The other five miles have remained in excellent 
condition. 

No detailed information is available for the retain- 
ing wall shown in Fig. 19, except that limestone con- 
sidered unsound was used in the section that shows 
disintegration. 


New York Report 


Most tests for soundness on concrete aggregates 
have been on coarse aggregate only. New York State 
Department of Public Works makes sodium sulfate 
tests on both fine and coarse aggregates. The Divi- 
sion of Highways has made the test an acceptance test 
and specifies that when subjected to five cycles of the 
sodium sulfate test, fine aggregate shall not lose more 
than 10% by weight, and coarse aggregate not more 
than 15%. No freezing and thawing tests have been 
made. The procedure followed in the sodium sulfate 
test is quite similar to that in the tentative A. S. T. M. 
standard. 

We have received from Ira Paul, Laboratory and 
Technical Engineer, a tabulation of the 1931 sand 
tests in New York-in which the sodium sulfate test 
was made. Data are given for 311 soundness tests on 
sand samples, of which 27 failed by loss of over 10%. 
For most of the samples, data are also shown for screen 
analysis, loam content, organic impurities, strength 
ratio for compression and tension, rational analysis, 
chemical analysis, voids, specific gravity and abrasion 
loss. In a preliminary study of the data, several of the 
_ above properties have been plotted against the sodium 

sulfate results to see if any consistent relation could 
be found. Figure 20 shows ignition loss and abrasion 
loss compared to sodium sulfate loss. Figure 21 shows 
percentage of loam, also percentages of kaolin, feld- 
spar and kaolin plus feldspar as shown in the rational 
analysis. Figure 22 shows strength ratios of the sands 
in compression and tension. The figures indicate that 
no particular relation exists between the physical or 
chemical properties determined for the samples and 
the losses sustained in the sodium sulfate test. It is 
_the expectation to study the data tabulated in more 
detail and if possible, correlate the soundness tests 
with service records. 


Portland Cement Association Tests 


Other studies on soundness of both fine and coarse 
aggregates have been made at the Portland Cement 
Association laboratory. A paper on “Durability 
Studies of Aggregates and Concrete,” by H. F. Gon- 
nerman, Manager, and G. W. Ward, Geologist of the 
Research Laboratory, was presented at the Seventh 
Annual Convention of the Association of Highway Of- 
ficials of North Atlantic States. An abstract of the 
paper was published in the May, 1931, Bulletin of the 
National Sand and Gravel Association. 

The paper reported results of soundness tests with 
sodium sulfate and freezing and thawing on 58 samples 
of fine and 47 samples of coarse aggregate, many of 
which were suspected of containing large amounts of 
non-durable materials. Freezing and thawing tests 
were made also on 2-inch mortar cubes made from 24 
fine aggregates and on 6-inch concrete cubes made 
from 12 different coarse aggregates in combination 
with two different fine aggregates. ; 

The authors state that the outstanding feature of 
the tests is the very marked influence of the quality of 
the cement paste on the resistance of the aggregates 
to freezing and thawing in mortar and concrete. When 
in a rich mix of low water content, even the aggre- 
gates showing relatively poor performance in the 
soundness tests exhibited a high degree of resistance 
in 2 inch mortar cubes, showing little failure in as 
many as 200 cycles of freezing and thawing, while in 
mortar of poor quality, even the best aggregates 
showed a poor performance. 

The manner of failure of fine aggregates was simi- 
lar for the sodium sulfate and freezing and thawing 
tests, except that 3 to 4 times as many cycles were re- 
quired in freezing and thawing to produce failure 
equal to that by 5 cycles of sodium sulfate. For the 
coarse aggregates, the two methods did not always 
produce the same results and there was a difference 
in the manner of breaking down, such as chipping, 
splitting and disintegration. In evaluating results, 
the manner as well as amount of failure must be con- 
sidered. 

Summary of the paper by the authors: 

Factors affecting performance of concrete: 
Characteristics of cement. 
Durability, grading, cleanliness, proportions 
of aggregates. 
Quality of mixing water and quantity in rela- 
tion to cement. 
Manipulation of concrete. 
Extent of curing. 


rr Pr 


National Crushed Stone Association Tests 


An extensive series of tests was made in the Na- 
tional Crushed Stone Association Laboratory to in- 
vestigate the durability of concrete and mortar and its 
relation to durability tests on aggregate. The tests 


are described by A. T. Goldbeck, Director, in The 
Crushed Stone Journal for April, 1931. 
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Mortar specimens were made in several mixes, (from 
neat to 1:3) and water-cement ratios using a sand 
resistant to soundness tests. Three different methods 
of curing were used. Three specimens of each mix 
were placed in a pan with water about one-half the 
depth of the specimen, frozen in an electric refrigera- 
tor for 24 hours at an average temperature of —3°F. 
and thawed 24 hours in laboratory air. 

Five glacial sands and gravels whose durability had 

been questioned were tested by freezing and thawing. 
‘Mortar specimens using the above sands were also 
frozen and thawed. After 70 cycles these mortar speci- 
mens were considered sound and much better than the 
other mortar specimens using Potomac River sand 
which is considered sound. 

A sample of limestone, when subjected to 10 cycles 
of freezing and thawing, showed 36% unsound. It was 
used as coarse aggregate in 6x6-inch beams and after 
85 cycles of freezing and thawing, the surface mortar 
was removed but the concrete and aggregate showed 
no other disintegration. 

Four other samples of concrete were made with 4 
different coarse aggregates and Potomac River sand, 
1-2-314 mix. Two of the aggregates were exception- 
ally unsound, one was questionable and one sound, 
when tested with sodium sulfate. After 75 cycles of 
freezing and thawing, all four specimens of concrete 
looked alike. The surface mortar had been removed 
and the aggregates were exposed but the concrete was 
not broken nor pitted. 

The report states the following indications: 

1. Sound Portland cement when mixed with water 
alone in ratios of 0.63 to 0.98 is not always a sound 
materiai when subjected to freezing. 

2. It is possible for rich mortars to fail and lean 
mortars to possess a good degree of durability. Also 
the reverse of this is true. Much depends on the free 
water in the mixture. 

3. Tests indicate that it is possible to have an un- 
sound mortar with a “sound” sand, and a sound mor- 
tar with an “unsound” sand, both having the same 
water-cement ratio. 

4. Coarse aggregate, even though in some cases un- 

sound, does not necessarily make for unsoundness in 
concrete. The unsound stone tested did not crack the 
concrete, nor did the stone leave the concrete or cause 
pitting. Only after the mortar had failed did the stone 
fail by continuous chipping. 
_ 5. The cementing medium, composed of Portland 
cement and water, seems to be the most important ele- 
ment in the durability of concrete. It is highly im- 
portant that the water content be kept low. 


Michigan Tests 


W. J. Emmons, Director of Michigan State Highway 
* Laboratory, has investigated the effect of soft particles 
of coarse aggregate on the strength and durability of 
concrete. (Proceedings of 16th Annual Conference of 
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Highway Engineers, U. of M., 1930.) His report dis- 
cusses tests made on concrete made with Michigan 
gravels containing various percentages (2 to 15%) of 
certain soft or non-durable particles, including sand- 
stone, (hard, intermediate, or soft) shale, ochre, float- 
ers and chert. These materials were from 23% to 
100% disintegrated in five cycles of sodium sulfate 
soundness tests and all except the hard sandstone were 
badly disintegrated in 12 alternations of freezing and 
thawing. 

The conclusions stated that the presence in concrete 
aggregates of the materials studied is injurious. The 
normal strength of the concrete is reduced and the 
liability of deterioration under freezing and thawing 
conditions is greatly increased. The percentage of in- 
jurious particles should be kept to the economic mini- 
mum. 


Wisconsin Tests 


_At the June, 1931, meeting of the A. S. T. M. a 
symposium on weathering characteristics of masonry 
materials was presented. One paper was on Weather- 
ing of Aggregates, by Loring A. Hanson, Department 
of Mechanics, of the University of Wisconsin. The 
paper is a progress report on work being done at the 
materials laboratory to determine the durability of 
various crushed rocks and mortars and to develop and 
investigate accelerated weathering tests. Samples of 
aggregate and also mortar specimens were subjected 
to sodium sulfate tests and freezing and thawing tests. 
Four different procedures in sodium sulfate tests were 
investigated. 

The conclusions were reported as follows: 

1. Based on a sample from each of 21 quarries rep- 
resenting 4 types of Wisconsin limestones, weather- 
ing tests consisting of 80 or more reversals of freez- 
ing and thawing of continually immersed samples oc- 
casioned relative disintegration comparable with what 
might have been expected from field inspection. 

2. Accelerated weathering tests of five cycles (each 
cycle consisting essentially of immersion in concen- 
trated solution of sodium sulfate at 122°F. followed by 
immersion in solution at 70° F., followed by drying at 
212°F.) caused disintegration roughly comparable to 
that obtained by alternate freezing and thawing of the 
above limestones. 

3. The above statements apply when the samples 
consist of crushed rock or small rock cores. 

4. Fineness moduli, based on mechanical analysis 
before and after weathering tests, are a fairly satis- 
factory measure for limestones of the disintegration 
caused by weathering tests provided the original 
sample is composed of fragments which are not of too 
widely different sizes. 

5. No relationship was found to exist between the 
weathering tests and the absorptive properties of the 
limestones listed above. 

6. Based on tests of 18 mortar mixes representing 
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four sands, an accelerated weathering test of five cycles 
(as described in conclusion No. 2) caused a weakening 
of the specimens inversely proportional to their 28-day 
strengths. 

7. The accelerated weathering test mentioned in 
conclusion No. 6 is very severe, its destructive effect 
exceeding that of 80 reversals of freezing and thaw- 
ing. 

8. Basing judgment on the agreement between in- 
dividual strength results and on the possibility of se- 
curing subsequent satisfactory strength tests, cross- 
bending tests are the most satisfactory criteria of the 
destructive effects of weathering tests on mortars. 


Minnesota Tests 


Another paper presented at the 1931 A. S. T. M. 
meeting was on Accelerated Freezing and Thawing as 
a Quality Test for Concrete Aggregates, by F. C. Lang, 
Engineer of Tests and Inspection, Minnesota Depart- 
ment of Highways, and C. A. Hughes, Assistant Pro- 
fessor of Structural Engineering, University of Minne- 
sota. 

The purpose of the investigation was to develop a 
definite test for the quality of gravel pebbles for use 
in exposed concrete that would eliminate the personal 
equation which is so large a factor in the methods now 
available. For this purpose an accelerated freezing 
and thawing test was used consisting of 5 minutes in 
hot water, 5 minutes in ice water and 30 minutes sub- 
merged in calcium chloride brine at 0°F. Other cycles 
were tried but most tests were made with the above 
cycle “G.” The results of the above test are given for 
10, 20 and 30 cycles on gravel pebbles from 18 differ- 
ent sources, 2 sedimentary rocks and 9 deleterious ma- 
terials. Similar data are given for concretes made 
with 17 of the above aggregates. The following con- 
clusions are given: 


1. While further research is required, there ap- 


pears to be a distinct possibility of developing an ac- 
celerated freezing and thawing test which will pro- 
vide a more reliable and definite measure of the qual- 
ity of gravel aggregates than methods of testing now 
in use. 

2. Of the numerous cycles used by the author, 
cycle “G” is believed to be the most desirable for test- 
ing aggregates. 

3. The grading of the aggregate and the type of 
cycle, particularly in regard to rapidity of cooling and 
duration of freezing period, have an important effect 
on the disintegration resulting from freezing and 
thawing. 

4. To be assured of properly rating fine-grained 
sedimentary rocks such as limestone and slate, it is 
necessary to use more than 10 cycles of cycle G or 
longer freezing periods than 30 minutes. The rating 


_ of the other materials tested was much less affected by 


the number of cycles and the duration of the freezing 
period. 


5. Data obtained on a slow cycle (24 hours) of 
freezing and thawing in water correlated closely with 
that obtained by an accelerated cycle (40 minutes), 
consisting of 5 minutes in hot water, 5 minutes in ice 
water and 30 minutes freezing directly immersed in 
brine solution. 

6. A relationship exists between the durability of 
coarse aggregate and the durability of the concretes 
made therefrom. 

7. The cement paste of concrete specimens used in 
freezing and thawing tests intended to reveal the dura- 
bility of the aggregate should be of such quality at 
time of test that disintegration will depend more on 
aggregate quality than paste quality. 

8. From the data presented, it would appear that 
10% passing the No. 8 sieve after 30 cycles of cycle G 
is the limit for aggregate suitable for use in concrete 
for exposed situations. 


Kansas Tests 


The Durability of Concrete, is the subject of a bulle- 
tin by C. H. Scholer, Professor of Applied Mechanics, 
Kansas State College, published by the College. The 
bulletin is a progress report on work over a period of 
six years in an extensive investigation of the durabil- 
ity of concrete and concrete aggregates. After inten- 
sive examination of field structures in Kansas, Mis- 
souri and Colorado and many laboratory tests, the 
author arrives at a proposed standard of procedure for 
freezing and thawing tests of concrete and aggregates 
and draws conclusions on durability. The proposed 
procedure is as follows: 

1. All concrete should be frozen immersed in water, 
preferably in close fitting metal containers. 

2. The temperature of test, condition of exposure 
and size of specimen should be such that the concrete 
will be completely frozen in not less than 2 hours. To 
secure this condition with 6-inch cylinders, a tempera- 
ture of -25°F. will be required with metal containers 
immersed in alcohol or brine. 

3. Test specimens should be approximately cubical 
or cylindrical in shape with least dimension not less 
than 3 times that of the largest aggregate. 

4, Test specimens taken from finished structures 
should be drilled or sawed. 

5. Specimens should be 60 days old and preferably 
90 days. 

6. Tests of aggregate should include tests in con- 
crete before any source is condemned. 

7. Aggregate, when tested separately, should be 
frozen immersed in water to 14 inch depth in close 
fitting containers immersed in alcohol or brine. 

Following are the Author’s Conclusions: 

1. Alternate freezing and thawing is a valuable 
method of studying the durability of concrete and con- 
crete aggregates. 

2. The durability of concrete is greatly affected by 
the quality of the cement paste. 
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3. A water-cement ratio of 0.8 or more is not likely 
to give concrete of adequate durability under severe 
exposure conditions. 

4. Proper placing, handling and curing of concrete 
are fully as important as design of mix. Existing 
structures indicate improper construction methods and 
requirements have been a major cause in difficulties 
involving durability. 

5. Watertight layers formed by excessive manipu- 
lation or by wash coats, plasters, etc., reduce resist- 
ance to weathering unless they are placed on those 
portions of the structure where water would otherwise 
enter. 

6. The use of unsound aggregate produces unsound 
concrete, the resistance of the mortar being only slight- 
ly effective in protecting the aggregate. 

7. Any aggregate containing absorptive chert 
should not be used until after careful investigation. 

8. The character of failure of aggregate is fully as 
important as the extent of the failure, material which 
breaks into a few pieces with disruptive force, as chert, 
being much more detrimental than material that com- 
pletely disintegrates but not with such expansive force. 


Preliminary Study Points to Following Indications 


From this preliminary study of the various investi- 
gations of soundness tests referred to above, this com- 
mittee would point out the following indications: 

1. Certain argillaceous rocks and non-durable ma- 
terials and some cherts cause failure of concrete in 
which they are used when exposed to freezing and 
thawing in the presence of moistures. 

2. The extent and rate of failure probably depends 
upon the amount of the unsound material in the con- 
crete. This amount is still open to question. 

3. Failures of concrete, when due to coarse aggre- 
gates, seem to be of two general types, one where the 
aggregate disintegrates without much volume change, 
the other where the aggregate undergoes sufficient vol- 
ume change to disrupt the concrete. 

4. Data on failure of concrete caused by unsound 
fine aggregates are somewhat conflicting and inconclu- 
sive. 

5. Extensive investigations indicate that an accele- 
rated freezing and thawing test is valuable for the 
study of durability of concrete and aggregates. 

6. There is a conflict of opinion as to the value of 
the sodium sulfate soundness test. 

_ 7. Use of present soundness tests of aggregates as 
acceptance tests is questionable owing to lack of corre- 
lation with service conditions. 

8. All investigators agree, assuming the freezing 


and thawing test is a measure of durability, that the 


quality of the mortar or cement paste is probably the 
most important influence on the durability. High 
quality mortar with low water content makes concrete 
very resistant to freezing and thawing even when ag- 
gregates considered unsound are used. 
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9. Further investigations of soundness and dura- 
bility are needed, both laboratory and field. 
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Motor Applications in Crushed 


Stone Plants 


By D. LEE CHESNUT 


Industrial Department, General Electric Co., 
Trenton, N. J 


T= past few years have seen much progress, both 

in the electrification of quarries, and in the effec- 
tiveness with which this modern production tool, elec- 
tricity, has been utilized. In line with the verdict dic- 
tated by business conditions of the present and near 
future, that modernization of production methods is 
essential to the very life of every industrial activity, 
the scrutinizing search for better methods and lower 
costs must go on. 

The mere fact that a particular installation has not 
given trouble, should not lead us to infer that it can be 
given a clean bill of health. From the dollar stand- 
point, that very equipment, long considered as an “old 

_ faithful,” may be a serious offender. Production con- 
ditions may have changed. Power rate schedules may 
have changed, making it necessary to tighten up on 
the “leaks.” Perhaps the type of motor, control, or 
drive that was “good enough” a few years ago, is en- 
tirely unsuited to modern conditions and demands for 
economy in operation. 


Considerations of electric power costs dictate that 
generally speaking, the use of an individual motor ap- 
plied to each machine is the wise investment. These 
same considerations, should lead to elimination of all 
unnecessary handling of material, and the averaging 
of the stone flow as well as possible, thus keeping down 
both the size of equipment, and the power demand. 
Consideration of the effect of poor power factor should 
lead to the choice of synchronous motors where prac- 
tical; should influence the purchase of the highest 
speed induction motors suitable for particular drives; 
and should prevent the purchase of over-size motors. 
Beyond these points, however, there are still many 
questions to be considered in the selection of the right 
type of motor and control for each driven machine. 
The selection of the right equipment determines the 
investment charges, and also influences, to a large de- 
gree, the maintenance expense. 


Motor Applications for Crushers 


The most widely used motor for crusher drives is 
the slip ring induction motor. This type of motor can 


develop a high pull at start but the power can be ap- 
plied gradually. It is better adapted than any other 
present design of motor, to start a crusher that has 
been stopped loaded, though many times this is im- 
possible, unless an extremely over-size motor is used. 


@ With the increased use of electrical 
power in the crushed stone industry the 
following comments by Mr. Chesnut 
should prove of distinct value. 


Crusher manufacturers generally do not fear any harm 
to their equipment by attempts to start with a load, 
provided a normal-sized motor is used. It is obvious 
that mechanical injury to the crusher could result by 
using a motor of sufficient size to start it under all 
loaded conditions. Some operators prefer to use re- 
versing control so that if a crusher head is locked 
against movement in one direction, the stone causing 
the trouble may be dislodged by reversing the motor. 
This is best provided by the use of a reversing drum 
controller, rather than by the use of a double throw 
switch ahead of the motor. The former permits of 
quick jogging in either direction, where the latter re- 
quires the control circuit to be opened, and then set 
for reverse operation before re-starting. 


If an operator is willing to say that he will always 
start his gyratory crushers without load, then standard 
squirrel cage motors can be used. They have just as 
much peak load capacity, after they are in operation, 
as have slip ring motors. They have the further ad- 
vantage of being lower in cost and of requiring less 
maintenance because of the absence of brushes, collec- 
tor rings and rotor insulation. A compromise between 
this type and the slip ring motor, both in price and in 
characteristics, is available through the high-starting- 
torque squirrel cage motor. This latter type actually 
has about the same capacity to break a load away as 
has the slip ring motor. Many successful applications 
of this type of motor have been made on gyratory 
crushers, particularly in sizes 75 HP and below. It is 
desirable to use a reduced voltage starting compensa- 
tor so that the power is applied in two‘steps, and as- 
suming that the motor starts on the initial step, the 
starting current is held very low. If the motor does 
not start on the initial step, still it will exert enough 


pull to take all the slack out of the drive. The starter 


can then safely be thrown to the running position, 
thus providing maximum starting effort, but satisfac- 
torily smooth start on these sizes of equipments. It is 
particularly desirable, for such applications, to use 
push button control, for the changeover to full voltage 
and maximum starting effort is thus taken care of auto- 
matically. It is frequently difficult to find an operator 
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who will consistently operate the equipment to best 
advantage by hand. 

Standard squirrel cage motors should never be ap- 
plied to dise crushers, as the starting requirements 
are too severe. Many of these are successfully oper- 
ated with the high-starting torque squirrel cage mo- 
tors as referred to in the last paragraph, but the large 
bearing surfaces and heavy masses to be accelerated, 
generally require a greater margin above normal load 
capacity, than does the gyratory crusher. In fact, for 
old crushers of this type, consideration may well be 
given to the use of slip ring motors. 

We are frequently asked whether synchronous mo- 
tors cannot be applied to crushers and thus get the 
benefit of power factor correction on these larger mo- 
tors that necessarily operate well under their normal 
horsepower ratings. This is a logical question, and 
one which is receiving more and more consideration. 
Strictly from a power factor standpoint, the applica- 
tion is extremely desirable. Some characteristics of 
synchronous motors however require very careful 
study of conditions before such applications are made. 

A synchronous motor always operates at a certain 
definite speed, from which it cannot vary. Hence 
whenever a crusher gets a sudden peak load, the syn- 
chronous motor has no pity on it, but forces it to crush 
away at full speed. There is no cushioning effect. This 
puts heavy mechanical strains on the crusher and on 
the transmission between motor and crusher. Fur- 
thermore, the power lines feeding this motor must of 
necessity reflect these higher peak demands. An in- 
duction motor on the other hand, has a characteristic 
permitting it to “ease off” slightly in speed during 
peak loads. Thus a crusher will get over a given peak 
with considerably reduced mechanical strain on itself 
and on the transmission, and with a lower electrical 
peak on the power lines. 

If the power company has sufficient line and sub- 
station capacity that the greater peaks caused by the 
use of synchronous motors will not cause serious volt- 
age disturbance, and if there is no objection to the in- 
creased mechanical strain on crushers and their drives, 
then we are ready to recommend the use of synchron- 
ous motors for gyratory and similar types of crushers. 
The motors themselves will be entirely successful and 
they are capable of handling the load of such crushers. 
As a matter of fact, with further modifications of syn- 
chronous motor designs, that seem likely of achieve- 
ment, and with the strengthening of power distribu- 
tion systems, it is possible that the application of syn- 
chronous motors may be extended to jaw crushers 
within the next few years. 

In any event, representatives of the power company 
should be fully advised of all contemplated applica- 
tions of synchronous motors to crushers. They should 
be given full information on the motor characteristics 
and load conditions, and their approval should be se- 
cured before a particular application is made. 
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The drive most commonly used from motor to 
crusher has been a standard flat belt. This type of 
drive probably has more to justify it here, than in any 
other quarry application. It permits of some slip at 
the time of peak loads, thus relieving the strain on the 
crusher and on the power line. It necessitates fairly 
long centers and thus gets the motor back away from 
the worst of the crusher dust. Short center V-belt 
drives have also been successfully used. Some expon- 
ents of the latter drive have recently emerged with a 
recommendation to use a flat surface pulley on the 
crusher, but a V-groove sheave on the motor. They 
point out that the large diameter of the driven pulley 
assures sufficient arc of contact even without grooves; 
centrifugal force keeps the belts lined up; slightly in- 
creased desirable slippage occurs at times of peak 
loads; and the V-belts don’t carry as much dirt back 
to the motor as does the flat belt. Their recommenda- 
tion is finding favor among many users. 


Conveyors, Elevators, and Rotary Screens 


Rotary screens, belt conveyors, apron conveyors, and 
bucket elevators constitute the next class of equipment 
as far as motor selection is concerned. These ma- 
chines present the problem of difficult starting at 
times when the plant has been stopped loaded and par- 
ticularly in cold weather when bearings and rollers 
are cold. 

Again, the slip ring motor is admirably adapted to 
the starting requirements of these equipments, and 
should always receive serious consideration on larger 


sizes, say 100 HP and above, because of starting cur-~ 


rent conditions. Frequently however, it is desirable to 
have control] of these motors at a centralized point and 
this with slip ring motors becomes very expensive. 
For such drives therefore, we can unhesitatingly rec- 
ommend the high-starting-torque squirrel cage motor, 
and it has proven very successful. Where it is desira- 
ble to reduce the mechanical strains of applying a high 
pull at start, the push-button-operated reduced-voltage 
compensator as referred to previously under gyratory 
crushers can be used to advantage. Although the con- 
dition of the mechanical equipment has much to do 
with the ability of these equipments to start under load, 
we know of many such installations where motors that 
are well loaded during normal operation, will likewise 
break away and successfully accelerate their machines 
even though they have been stopped fully loaded. The 
smoothness of acceleration is likewise very satisfac- 
tory. 

The head-shafts of these machines normally operate 
at very slow speeds. There are several ways of get- 
ting down to these low speeds, but one of the most suc- 
cessful methods is that illustrated in Fig. 1. This illus- 
trates a motor directly connected to an enclosed speed 
reducer running in oil, and driving from the reducer 
to head-shaft by roller chain. This permits the use of 
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a fairly high speed motor, with good efficiency and 
power factor. Machine speeds can readily be changed 
by changing sprockets on the speed reducer shaft. Ini- 
tial cost of motor plus drive is well in line, and main- 


_ tenance costs are low. 


Figure 1. 7% H.P. High Starting Torque Squirrel Cage Motor 
and Control, Driving 30” Belt Conveyor Through Speed Reducer 
and Roller Chain. 


Pan-Feeders 


Pan-feeders and similar machines requiring very 
frequent and continuous starting and stopping several 
times a minute, are best operated with slip ring mo- 
tors. Such service requires dissipation of a great deal 
of heat, and with the slip ring motor, this can be done 
in the external resistors. Although the high-torque 
squirrel cage motor would start the load, the rotor 
could readily become over-heated by the frequent start- 
ing service. 


Vibrating Screens 


Most types of vibrating screens are best operated by 
high-starting torque squirrel cage motors thrown di- 
rectly across the line. The starting requirements of 
these machines are more severe than would normally be 
expected, due to the inertia of eccentrics and to the 
weight of the frames to be accelerated to high speed. 
The difficulties are increased by the presence of large 
grease-packed bearings that are hard to break away 
and warm up in cold weather. Some operators report 
much less difficulty at the initial start on cold morn- 
ings by selection of a lower freezing point grease, and 
further by re-greasing the machines at noon-hour, 
rather than just before starting time in the morning. 
V-belts provide a most satisfactory drive for these ap- 
plications. 


Electric Shovels and Electric Haulage Systems 


The use of electric shovels, and of electric haulage 
systems from quarry to crushing plant, are two big 


subjects, each of which could readily require a com- 
plete paper to do it justice. The modern electric shovel 
using individual heavy-duty direct current motors, ob- 
taining speed control by the Ward-Leonard or con- 
trolled voltage system, is extremely reliable and flexi- 
ble, is easy to operate, and is very powerful and fast. 
Recent developments of the sectionalized-track, alter- 
nating current quarry car haulage system, have con- 
siderably simplified and broadened the economical use 
of electric haulage systems. Both these questions are 
receiving more and more attention from the quarry 
operator who is looking to the future with a view to- 
wards long-time economies. 

There are some points common to all applications in 
crushing plants, which may well be considered here as 
a group. 


Enclosed Collector Rings--Slip Ring Motors 


Where slip ring motors are used in locations not 
protected from stone dust, the use of enclosed collector 
rings is many times desirable. Such a motor is illus- 
trated in Figure 2. Even these enclosures should be 
opened and cleaned once a year, but the intermediate 
wear of brushes and collector rings, as well as the 
possibility of dirt causing sluggish or sticking brushes, 
will be materially reduced. 


Starting Current Squirrel Cage Motors 


Squirrel cage motors, either of the standard designs, 
high-starting-torque types or normal-starting- torque, 


Figure 2. 250 H.P. Slip Ring Motor With Enclosed Collector 
Rings, Operating 48” x 60” Jaw Crusher. 


low-starting-current types, require more current at 
start than do slip ring motors. The two latter types of 
squirrel cage motors are designed to be started with a 
simple “across-the-line” or “full-voltage” starter. We 
have pointed out, however, the desirability of using 
reduced-voltage compensator starters on these motors 
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when it is desirable to secure smoother starting and 
accelerating characteristics. If the use of these types 
of motors with full-voltage starting is contemplated on 
sizes 40 HP and above, approval of the higher starting 
current should first be secured from the power com- 
pany. In isolated locations, power companies may also 
necessarily restrict the use of squirrel cage motors to 
relatively small sizes because of insufficient line ca- 
pacity to handle the higher starting currents. If in 
doubt on any of these points, it is always wise to con- 
fer with the power company before making purchases. 


Ball Bearing Motors 


A great many quarry operators are using ball or 
ball and roller bearing motors. A few precautions 
should be given the plant maintenance man regarding 
these bearings. Do not use an Alemite or other pres- 
sure fitting in greasing ball bearing motors. When 
under pressure grease is detrimental to the retainers in 
these high speed bearings. The housing should be only 
from one-third to one-half full of grease for best re- 
sults. Do not re-grease ball bearing motors every day 
or every week. Usually, twice a season will be found 
to be ample. Once a season at least, it would be desira- 
ble to remove the bearing caps, clean out the housing, 
and start with new grease. 


-Totally-Enclosed Fan-Cooled Motors 


Totally enclosed, fan-cooled motors are available in 
both standard and high-starting-torque squirrel cage 
motors today. These are of course ideally adapted to 
crushing plant service, but from the standpoint of 
plant investment, we cannot say that their use can be 
indiscriminately justified. The standard open squir- 
rel cage motor will stand severe conditions of stone 
dust without causing trouble. If conditions are un- 
usually severe however, as in small poorly ventilated 
enclosures the additional investment may well be saved 
by lower maintenance expense and more continuous 
operation. 


Load Testing Equipment 


There is nothing quite so assuring, and so helpful 
when doubtful conditions arise, as to have definite in- 
formation on load conditions instantly available. The 
investment in a permanently wired ammeter on every 
main motor is well justifiable. To provide this same 
‘feature on motors 50 HP and below, but without buy- 
ing an ammeter for each motor, disconnecting switches 
are available, which permit of inserting a “testing 
jack” connected to a portable ammeter, and thus test- 
ing any motor with complete safety and without shut- 
ting it down. For existing installations, the use of 
a “split-core” current transformer permits tests to be 
made likewise without disconnecting the motor, by 
simply clamping the transformer around the motor 
line. Load testing of a plant under either method is a 


simple matter, and becomes a regular part of efficient 
management. 


Thermal Overload Protective Devices 


Modern motor starters are equipped with thermal 
overload relays to prevent motor burnouts. Without 
such protection, injurious heating could be caused by 
actual overload, by attempts to carry full load at re- 
duced line voltage, or by blowing of a single fuse after 
a motor is in operation, causing the motor to “single- 
phase,” or to carry its load on only two wires. Feeder 
circuits ahead of motors are necessarily protected by 
fuses or by circuit breaker trips. If you have modern 
starters with thermal overload protection, select fuses 
and wiring or set circuit breakers high enough that 
fuses or circuit breakers will not trip under any over- 
load conditions. Let the motor relays take care of this 
function, leaving fuses or circuit breakers to protect 
against short circuits only. This procedure bites pre- 
vent many unnecessary shut-downs. 

Thermal overload protective devices are the best 
known type of protection. Realizing that they trip 
based on ultimate temperature however, (surrounding 
air temperature plus that created by carrying of the 
motor load) starters should not be placed in cool loca- 
tions if the motors they control are in warm locations 
with restricted ventilation. Obviously, under these 
conditions, the motor would heat up more rapidly than 
would the relay which is protecting it. 


Safety Precautions 


There are many opportunities of improving safety 


conditions, reducing fire-hazard, and increasing motor 
protection by changing old installations to modern en- 
closed control. The use of a few emergency “stop” 
push buttons is a fine “safety-first” precaution. Such 
a button can be placed alongside the jaw crusher, for 
example, so that in an emergency the crusher can be 
stopped instantly without going to the crusher motor 
house. Saving a few seconds frequently avoids a seri- 
ous accident. Such a button also placed at the main 
crusher, but wired to the control of the motor operat- 
ing the conveyor removing the stone from the crusher, 
enables the crusher operator to stop the conveyor mo- 
tor if he should drop his crusher bar through into the 
conveyor. This frequently avoids damage to the con- 
veyor belt. Many similar applications could be point- 
ed out. These “stop” buttons are inexpensive, and can 
even be applied to most hand operated starters, as well 
as those normally intended for push button operation. 


Overload Capacity 


Do not be afraid to operate motors at full load con- 
tinuously, or slightly above. In fact, modern well- 


designed motors will operate continuously at 15% over- 
(Continued on page 18) 
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EDITORIAL » » 


Pittsburgh Program 
Nears Completion 


Wits the approach of the new year, the attention 
of crushed stone producers throughout the 
United States and Canada is focused upon the forth- 
coming Fifteenth Annual Convention of the National 
Crushed Stone Association which will be held at the 
Wm. Penn Hotel, Pittsburgh, Pa., January 19 to 22, 
1932. In the last issue of the Journal a general de- 


scription was given of the Pittsburgh Convention Pro-. 


gram, and since that time some‘notable additions have 
been made which should be of distinct interest to the 
industry. 


Plans now perfected for the Fifteenth Annual Ban- 
quet which will be held at the William Penn Hotel on 
Thursday evening, January 21, make it certain that 
this climax of the activities of the convention will 
equal if not exceed all previous efforts. As the princi- 
pal speaker of the evening we have been particularly 
fortunate in obtaining the Honorable James M. Beck, 
U. S. Congressman from Pennsylvania. Congressman 
Beck is a Former Solicitor General of the United 
States and enjoys the distinction of being known as 
one of the greatest constitutional lawyers in America. 
He is one of the outstanding men in public affairs to- 
day and has to a rare degree the gift of eloquence and 
the ability to inspire his audience. Congressman Beck 
is able to fill but a very limited number of speaking 
engagements and, in view of the fact that what is con- 
sidered to be one of the most important sessions of 
Congress in the history of the United States will be in 
full swing, we are indeed privileged to have been able 
to obtain him for our Pittsburgh program. No one 
will wish to miss the opportunity of hearing Congress- 
man Beck give us a message which is certain to be 
highly interesting and inspirational. Should you come 
to the convention for no other purpose than to hear 
Congressman Beck you will be more than repaid for 


_ the time and expense involved. 


As the humorist for the evening, we have obtained 
Douglas Malloch. Mr. Malloch enjoys the reputation 
of having been called upon to fill more return engage- 
ments than any other humorist in the country. To 
consider him strictly as a humorist, however, would 
be decidedly in error as he is far more than that. 
Douglas Malloch enjoys a wide reputation as a poet, 
his poems being syndicated by the McClure newspa- 
per syndicate of New York, and is probably best known 
by his poem, “Today,” which is one of the world’s 


_most widely quoted poems by a living American. _Mr. 


Malloch is poet, humorist and philosopher and, with 


this rare combination in one personality, we are cer- 
tain to be entertained in a way which will give us 
something not only amusing but thought stimulating. 

When it comes to the business sessions of the con- 
vention, we have now been definitely advised that L. 
M. Dow, Designing and Supervising Engineer, of 
Knoxville, Tenn., will give us a paper on “Dolomite 


Sand in Concrete for the Henley Street Bridge, Knox- 


ville, Tennessee.” As previously stated Robert L. Fox, 
City Engineer of Bethlehem, Pa., will discuss the use 
of stone sand from the point of view of the municipal 
engineer. This discussion on the subject of “Stone 
Sand” should prove one of the most interesting at the 
convention. 

In connection with the subject of ready-mixed con- 
crete, we are now able to announce that Henry D. John- 
son, Jr., Construction Engineer, Division of Bridges 
and Structures, Department of Public Works, Pitts- 
burgh, Pa., will address the convention on “Premixed 
and Delivered Concrete Has a Large Field in Munici- 
pal Work.” Mr. Johnson will be followed by J. L. 
Shiely, Treasurer, National Ready Mixed Concrete 
Association and President, J. L. Shiely Co., St. Paul, 
Minn., who will discuss “Manufacturing and Selling 
Ready Mixed Concrete.” There is certain to follow 
an interesting general discussion, as it is recognized 
that ready-mixed concrete is a topic which is gaining 
in importance in the eyes of the crushed stone industry. 

We wish to again emphasize that the program for 
the Pittsburgh Convention has been planned to ac- 
quaint crushed stone producers with the important 
facts on problems confronting the industry today. 
Many of the foremost authorities in the country have 
been obtained as speakers and we confidently feel that 
you will count to excellent advantage the time and the 
money spent in attending our Fifteenth Annual Con- 
vention in Pittsburgh next January. 

Everyone interested in the crushed stone industry, 
whether or not a member of the National Crushed 
Stone Association, is most cordially invited to be pres- 
ent, and we urge you at this time to immediately write 
direct to the Hotel Wm. Penn, Pittsburgh, Pa., for 
reservations. Only by acting promptly can you be as- 
sured of obtaining just the accommodations desired. 


Railroads Authorize 
Reduced Fares 


[7 IS particularly gratifying to be able to announce 

that, in accordance with arrangements made by the 
railroads, delegates to the Pittsburgh Convention of 
the National Crushed Stone Association will be able to 
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travel at reduced rates, amounting to a 25% saving 
on the basis of the regular round-trip fare. These re- 
ductions in rates have been authorized under the 
round-trip identification certificate plan which it will 
be recalled is the same plan which has been in effect 
over the last few years. Under this plan each delegate 
to the convention is required to submit to the ticket 
agent, upon purchasing ticket, a round-trip identifica- 
tion certificate which permits the agent to sell him 
the round-trip ticket on the basis of fare and one-half. 
These certificates can only be secured from the Secre- 
tary’s Office of the National Crushed Stone Associa- 
tion located at 1735 Fourteenth Street, N. W., Wash- 
ington, D. C. Distribution of these certificates has 
now been made from the Washington Office. It is of 
course inevitable that some desiring to attend the con- 
vention have probably not received certificates and to 
these we urgently suggest that they immediately ad- 
vise the Washington Office as to the number of cer- 
tificates which they will require. The certificates will 
be forwarded promptly. 

Of particular interest to those contemplating at- 
tendance at the Road Show in Detroit January 9 to 
16, or the National Ready-Mixed Concrete Association 
Convention and the National Sand and Gravel Asso- 
ciation Convention in Pittsburgh the week of January 
25, will be the information that through a special ar- 
rangement with the railroads the dates covering re- 
duced fares have been extended so as to permit those 
desiring to attend either one or all of these conven- 
tions to do so at the reduced rates. 

Remember that railroad certificates will not be avail- 
able at ticket offices throughout the country and can 
only be obtained through the Secretary’s Office in 
Washington. Consequently, if you have not by now 
received your certificate from the Washington Office 
and are going to the convention and desire to obtain 
reduced fare, you must immediately write to the Wash- 
ington Office and obtain your certificate. 


Motor Applications in Crushed Stone Plants 


(Continued from page 16) 
load without injury, which means without shortening 
their life. Motors are guaranteed to have 50% momen- 
tary overload horse-power capacity, and to develop 
from 200 to 250% of normal torque or “pulling power” 
without stalling. 

Too often, references to overload capacity are re- 
garded simply as being indicative of conservativeness 
of electrical design, and therefore as insurance against 
trouble. The way to realize the most from your dollar 
invested in electrical equipment and electrical power 
however, is to consider these overload capacities as 
part of what you have a right to expect a motor to do, 
and therefore to let your short time peak loads demand 
some of this peak ability from your motors. 

Every operator’s first criterion of a satisfactory 
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plant is logically its ability to keep running under all 
load conditions imposed. The truly successfully equip- 
ped plant however, is the one that meets this first es- 
sential in every respect, but which beyond that has 
been equipped with a well-balanced regard to invest- — 
ment, operating cost, maintenance expense, and safety. 
The many improvements in motors, control, and 
drives; the greater variety of types, each with its 
particular function and especially adapted to certain 
kinds of loads; the almost universal availability of re- ° 
liable electric power at equitable rates, all these fac- 
tors bring this broader interpretation of a successfully 
equipped plant within the range of every crushed stone 
operator. 


Low Costs Speed 


Highway Building 


—— highway engineering forces and contrac- 
tors more efficient and with construction 
prices lower by about one-fifth, Federal assistance in 
road building assumes a new importance in meeting 
growing transportation needs,” Frederick E. Everett, 
President of the American Association of State High- 
way Officials, recently pointed out. 


“The usage of motor cars is still in advance of the 
supply of modernized highways,” said Mr. Everett, 
who further declared: “The vagabonds, the commer- 
cial car users, the tourists and the week-enders pile up 
in excess of one hundred billions of miles yearly. The 
bulk of this travel, half at the very minimum, uses the 
Federal System. 


“Federal-aid roads, which are comprised of seven 
per cent of the roads in each state, have a total length 
of 197,000 miles. Of this mileage 39 per cent was 
paved with high type surfaces by July 1, 1931, and 40 
per cent was improved with low or medium quality of 
surfacing on July 1, 1931. 


“In view of the fact that much of the low type of 
surfacing causes high maintenance costs and it is econ- 
omy to construct surfacing that will meet the traffic 
needs, it is clearly evident that now is the time to build 
more roads of a higher type. The prevailing low con- 
struction costs will of course mean that greater mile- 
ages can be built. Today’s construction dollar will buy 
more than any dollar since that of June, 1922. The 
purchasing power of the dollar in November was ap- 
proximately one-fifth more than the average purchas- 
ing power of the dollar in 1929. This means that six 
miles of road can be built now for the cost of five miles 
back in 1929. 

“Considering these low costs and the efficiency of 
engineers and contractors, 1932 will unquestionably 
bring a big advance in the battle against poor roads, 
thousands of miles of which are costing as much or 
more in their present state than they would if prop- 
erly improved.” concluded Mr. Everett. 
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‘The Mark of Quality’ 


Pointers for BETTER Crusher 


Performance: 
1—A pure tin-base Alloy, made of VIRGIN 


raw materials. 

2—Alloyed with NICKEL under our own 
process. 

3—30 years’ specialized experience and skill 
in the Babbitt Metal field. 

4—Will not “crack” nor “squeeze” under 
heaviest load or shock. Runs cool under 
abuse and high speed. 

5—100% adaptable and efficient for your 
particular needs. 

6—No “shut-downs” for bearing replace- 
ments—more stone, less expense. 

.7—Use “Tuftex” NICKEL GENUINE 

NO. 1 ALLOY. 


JACKSON-WHEELER METALS SERVICE, Inc. 
320 BELMONT AVENUE 
Brooklyn, New York 


(Let us send you the full details) 


Tight. Bott Joints 


COMPRESSION FAMED FOR 
PRINCIPLE || DURABILITY 
The recessed plates embed i ie 
weit and compress it instead of pull- 
ing against the bolt holes. This pro- 
vides great surplus strength. It 
equalizes the pull throughout the 
plies. Keeps belt ends intact avoid- 
ing trouble. FLEXCO H D Belt 
Fasteners are in extensive use 
throughout many industries, giving 
long reliable service wherever tight 
butt joints are desired on conveycr 
and elevator belts. Made in_ steel 
and in monel metal. Sold by jobbers 
and belting houses in 5 sizes. Recommendations supplicd gladly. 
FLEXIBLE STEEL LACING COMPANY ci a 
“$25 Lexington Street, Chicago, Illinois. 
In England at 135 Finsbury Pavement, London, E. C. 2 
< 


Belt Fasteners 


XPLOSIVES 
must not 
only be properly made, but 
must also be properly stored, 
carefully handled, and properly used. 
In the course of the one hundred and 
twenty-eight years that the du Pont Company 
has been engaged in the manufacture of explo- 
sives, it has gained a wide knowledge of the stor- 
age, handling and use of explosives and it makes 
a practice of sharing this knowledge freely with 
its customers. 

‘To this end, we offer the new Blaster’s Hand- 
book, containing the latest data on explosives. 
E.I. DU PONT DE NEMOURS & COMPANY, Inc. 
Explosives Department, Wilmington, Delaware 
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PERFORATED METAL SCREENS 


} 
| The quality of CROSS Screens gives longer service, 
| increased production and lower cost. 

| 


CATALOG ON REQUEST. 


| BUCKETS, 

ii Rush Orders 
i TROUGH, 

i often Shipped 
FLIGHTS, 

i within 

CHUTES, 

i twenty-four hours 
i ETC. 

CROSS PERFORATED PLATES ON TYPICAL VIBRATING SCREEN INSTALLATION. 


| , Write for details of advantages and cost. 


| CROSS ENGINEERING CO. 


CARBONDALE, PA. 


Photo shows worn out mantle being built-up with 
TIMANG (air-toughening) welding rod. 


**TIMANG Trade 
Mark is registered 
in United States and 


Welds made with TIMANG have the same hard- foreign countries, 


A protected by U. 8S. 
ness, the same resistance to wear, as 12°: Poccnt 1 782,200 and 
manganese steel. TIMANG is an exclusive foreign patents. 


er patents 


product of Taylor-Wharton Iron & Steel Co. 


... built-up with TIMANG 
(air- toughening) Welding Rod 


© TIMANG (air-toughening) Welding Rod has brought 
mantle costs to a new low level in this large crushed 
stone plant. Read what the operator of this plant 
said in a recent letter. 

“The built-up mantle has been in service for a full season and it is 
still good for additional service. The original mantle was used one 


year when we discarded it as worn out.” 

© The cost of building-up this mantle with TIMANG— 
including a!l labor and materials—was only half the 
cost of a new mantle! 

® You can extend the life of your wearing parts many 
times — cffect similar economies — by welding with 
TIMANG. Let us send you full details. Communicate 
with the nearestTisco office or write direct to HighBridge. 


TAYLOR -WHARTON IRON 
AND STEEL CO. 


HIGH BRIDGE, NEW JERSEY 
SALES OFFICES: 
Boston Chicago Houston Los Angeles Montreal New York 
Philadelphia _— Pittsburgh San Francisco Scranton Tampa 


When writing advertisers please mention THE CRUSHED STONE JOURNAL 
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| THIS BUILT-UP MANTLE Outlasted 
the Original Mantle! 
— 
in. 


National Crushed Stone Association 
Fifteenth Annual Convention 


SANUARY 19. 20, 21 and 22, 1932 
Hotel William Penn 
Pittsburgh, Pa. 


@® Railroads Authorize 1. Reduced fare to Pittsburgh has been authorized un- 
Reduced Fares der the Round Trip Identification Certificate Plan. 


2. Upon presentation of certificate to ticket agent, 
delegate is entitled to purchase a round trip ticket 
to Pittsburgh for fare and one-half times the regular 
one-way fare. 


3. Certificates WILL NOT be available at offices of 
ticket agents, and can only be procured from the 
Secretary’s Office in Washington. 


4. Certificates are being mailed to all contemplating 
attendance at the Convention. 


@ Have You Received If not, you should IMMEDIATELY communicate 
Your Certificate? with J. R. Boyd, Secretary, National Crushed Stone 


Association, 1735 14th Street, N. W., Washington, 
D. C., requesting that one be sent to you. 


5. Please help us to pass this information along as it 
would be regrettable if some of those attending the 
Convention were denied the privilege of obtaining 
reduced fare to Pittsburgh because they had failed 
to obtain a certificate. 


— 


Simultaneous Action 


As far as the eye can tell by observing the above photo, 
the thirteen drill holes are acting together to break the 
face of rock down uniformly. This simultaneous action 
helps breakage. Furthermore, Cordeau-Bickford gives 
you a detonator which is insensitive to friction 
or ordinary shock. 


CORDEAU: 


BICKFORD 


THE ENSIGN-BICKFORD CO. 
SIMSBURY + CONNECTICUT 


RUFUS H. DARBY PRINTING CO., INC. 
WASHINGTON, D. C. 


